Sixty-three patients with Down's syndrome underwent facial reconstructive surgery under general anaesthesia in order to improve their acceptability and potential for functioning effectively in society. Preoperatively, one-third of the patients had respiratory illnesses, 11(17.5%) had cardiac anomalies, and 5 (7.9%) had endocrinological abnormalities. Anaesthesia was based on spontaneous ventilation of halothane and N 20 in oxygen via an endotracheal tube with appropriate monitoring. Only one patient had an intraoperative complication, an episode of ventricular dysrhythmia, but postoperatively 9 patients required nasopharyngeal airways or endotracheal intubation in order to maintain a patent upper airway. The anaesthetic considerations for facial reconstructive surgery in Down's syndrome are discussed.
Introduction
Down's syndrome, or trisomy 21, is the commonest congenital chromosome anomaly, occurring in approximately 1 in 800 live births. With improvements in medical care, these patients increasingly reach adulthood in spite of their physical maldevelopment and mental retardation. As they come into contact with society, they are stigmatized by their typical appearance, which often provokes negative attitudes. These reactions may be damaging psychologically to the patient, and may further delay mental development by decreasing social contacts and educational stimulation.
In recent years, surgical correction of some of the more obvious cosmetic defects has been attempted with success'. With the growing popularity of this technique, the anaesthetist will increasingly be faced with the challenging task of caring for patients with Down's syndrome undergoing facial reconstructive surgery. Skilful management during the peri operative period is essential for a good outcome, especially in those patients with multiple congenital abnormalities in the cardiopulmonary and musculoskeletal systems. We report here our experience with 63 patients who underwent facial reconstruction during a twoyear period, and discuss the anaesthetic implications of Down's syndrome.
Patients and methods
Sixty-three patients were included in this study, 41 males and 22 females, aged 4-26 years. Patients selected for this surgery had mental and physical abnormalities considered mild for this disease, and had shown potential for functioning effectively in society. All patients underwent elective facial reconstruction at their request or at the request of their family following detailed discussion in the presence of a member of the surgical and anaesthetic staff, a staff psychologist, and the family's social worker. Written informed consent was obtained in each case.
The surgical procedures included elevation of the bridge of the nose, the cheeks, or the chin with silicon implants, partial glossectomy, medial and lateral canthoplasty, and partial labiectomy". At least three of these plastic procedures were carried out in most patients.
Preoperative examination included cardiopulmonary assessment by a paediatrician or paediatric cardiologist when indicated. Preoperative preparation included cardiac ultrasound examination and cardiac catheterization where indicated. Patients were not accepted for cosmetic surgery if corrective cardiac surgery was indicated or if there were signs of cardiac decompensation or cyanosis. None of the patients was receiving digoxin or diuretics. In those patients with cardiac lesions who were accepted for cosmetic surgery, antibiotics were administeredeither cephamycin 15 mg/kg or continuation of their previous antibiotic schedule.
Respiratory assessment included pulmonary function testing and analysis of arterial blood gases where indicated. Respiratory physiotherapy was administered for up to three days preoperatively, and no patient underwent surgery with acute respiratory infection. Endocrine abnormalities, chiefly hypothyroidism, were investigated and subjects were clinically euthyroid and with normal laboratory indices before surgery.
Sedative premedication was given one hour prior to the commencement of surgery, either thiopentone rectally for young children or diazepam orally for adolescents and adults. Sedatives were administered to young childrenand to patients with a history of respiratory problems, especially sleep apnoea, in the waiting room of the operating theatre with a nurse in attendance. Anaesthesia was induced in children with halothane and N 20 in oxygen by inhalation. The hypopharynx and vocal cords were anaesthetized with 4-5 mg/kg oflidocaine 1.5% spray. Orotracheal intubation was carried out with a portex tube of internal diameter 1-2 mm less than predicted on the basis of age. The hypopharynx was then packed with wet gauze. Anaesthesia was maintained with halothane 1-2% in N 20 70% and oxygen 30% and spontaneous ventilation via a Bain circuit. Adult patients received thiopentone for induction, succinylcholine for intubation, and then breathed spontaneously halothane 0.5-1 %and N20 70% in oxygen. Pethidine was administered as necessary. ECG, blood pressure and end-tidal CO 2 concentration were monitored throughout. A precordial stethoscope was used in 0141-0768/88/ 010023-04/$02.00/0 ttl 1988
The Royal Society of Medicine Table 1 . Preoperative congenital and concurrent diseases 2% with 1:200000 adrenaline was injected with no disturbance of heart rhythm. Heart rate and blood pressure were stable and blood loss was minimal. One litre of Ringer's lactate solution was given during the perioperative period. Postoperatively the patient awoke and was calm in the recovery room. She received cloxacillin and ampicillin postoperatively and after 5 days was discharged home.
Discussion
Patients with Down's syndrome suffer from mental and growth retardation and diseases of many organ systems with a wide spectrum of severity. Patients who are expected to benefit most from cosmetic surgery and reconstruction of a more socially acceptable appearance are those with milder disease who have demonstrated an ability to interact socially':", The mental and physical development of the patients in this study was above average for children of similar age with Down's syndrome. They were thoroughly Case 2: A 2-year-old boy, weighing 8.4 kg, with Down's syndrome but with no cardiac problems was admitted for partial glossectomy. He had a history of stridor on five occasions up to the age of one year, always treated without recourse to instrumentation of the airway. Following pre-anaesthetic sedation with a suppository of thiopentone 250mg, he was given halothane and N20 in 30% oxygen for induction of anaesthesia. The vocal cords were then visualized and sprayed with lidocaine. Following further inhalation of oxygen, attempts to intubate the trachea with 4 mm and 3.5mm tubes were unsuccessful due to a presumed subglottic obstruction. A 3.0 mm tube was passed and no gas leak was noted around the tube when the lungs were inflated with positive pressure. Halothane and N 2 0 in 30% oxygen were continued with controlled ventilation during the partial glossectomy which continued for 45 minutes. At the termination of the procedure, the tube was removed and stridor noted immediately with intercostal indrawing and tachypnoea. He was treated with cool mist inhalation with supplemental oxygen, dexamethasone 2 mg intravenously, and inhalation of adrenaline:saline 1:8. His condition deteriorated and 27 hours postoperatively he was reintubated with immediate relief of respiratory distress. At 60 hours postoperatively an air leak was audible around the tube and he was extubated with no recurrence of symptoms. Subsequently a xeroradiogram demonstrated subglottic stenosis. 
No. of patients

Results
Of the 63 patients, 11 (17.5%) were found to have cardiac anomalies, 21 (33.3%) respiratory illnesses, and 5 (7.9%) endocrinological findings preoperatively ( Table 1) . One episode of ventricular dysrhythmia occurred in one patient following local infiltration with adrenaline with no accompanying haemodynamic embarrassment. This was treated by discontinuation of the halothane and controlled ventilation with oxygen until sinus rhythm was re-established. No other intraoperative complications were noted.
The only serious postoperative complications were respiratory, and this is in keeping with the high frequency of preoperative pulmonary illnesses. In 9 patients there was difficulty in maintaining patency of the upper airway following extubation; of these, 3 patients with stridor and one with subglottic stenosis required reintubation. Five patients were treated with insertion of a nasopharyngeal airway. One patient aspirated pharyngeal blood postoperatively and developed a mild pneumonia which was treated without the need for mechanical ventilatory support.
In the recovery room 73% of patients showed marked agitation and required sedation with diazepam or haloperidol, and narcotic analgesia. Those patients in whom the tongue was infiltrated with bupivacaine intraoperatively were notably less agitated than those in whom bupivacaine was not administered.
The following 2 case reports illustrate many of the above findings.
children. Intravenous fluids half normal saline in 5% glucose were administered to children and Ringer's lactate solution to adults at 4--uml/kg/h in addition to replacement of calculated fluid losses during the fasting period and to replacement of lost blood. During the procedure. 2-5 ml of adrenaline 1:200 000 in either lidocaine 2% or bupivacaine 0.5% were infiltrated into the tongue or subcutaneous tissues. At the end of the procedures, the patients were extubated when protective airway reflexes had returned, and were monitored in the recovery room.
Case 1: An Ll-year-old girl weighing 34 kg was accepted for cosmetic surgery following repeated requests by her parents since she was 8 years old. She was known to have aortic and mitral insufficiency and a right aortic arch with aberrant left subclavian artery at cardiac catheterization at age 4 years. Her only symptoms were wheezing, secondary to the vascular ring, and recurrent bronchitis and otitis media. She was treated chronically with penicillin-VK 125mg four times daily and had been free of infections for 3 years. She was being educated at a special school.
Prior to the operative procedure to correct her severe macroglossia, epicanthal folds, malar eminence, and receding chin, full cardiological assessment was performed and showed no sign of deterioration in cardiac function or active infection. Her usual antibiotic regimen was continued on the day of surgery, and she also received preanaesthetic sedation with diazepam 2.5mg orally, morphine 5 mg and atropine 0.25mg intramuscularly. Halothane was administered for induction followed by gallamine 10mg and succinylcholine 50 mg for orotracheal intubation with a 6 mm diameter tube. When spontaneous breathing recommenced, she continued to breath halothane and N 20 in 40% oxygen from a Bain circuit, and received fentanyl 25I1g in divided doses during the 10f).minute procedure. During the partial glossectomy and epicanthoplasty, 2 mllidocaine investigated and brought to their optimal physical condition preoperatively.
There is a 40% incidence of congenital cardiac anomalies in patients with Down's syndrome", The commonest malformations are endocardial cushion defects and ventricular septal defects. Other cardiovascular malformations are atrial septal defect, tetralogy of Fallot, and patent ductus arteriosus. In the present series 17.5% suffered from congenital cardiac defects, all ofwhich were investigated before the operations, and prophylactic antibiotics administered. The majority of these defects involved a left to right shunt (except tetralogy of Fallot), with the possibility of increased pulmonary arterial pressure':", Children with Down's syndrome have an increased frequency of pulmonary oedema following cardiac surgery in comparison to children not suffering from Down's syndrome but having similar cardiac defects", Therefore fluid administration was limited to 4-6 ml/kg/hour in addition to replacement of fluid from the period of fasting and replacement of lost blood. These patients also tend to have low blood pressure and relatively low catecholamine blood levels? Nevertheless, the use of halothane was not associated with hypotension or other deleterious effects.
Patients with Down's syndrome are susceptible to respiratory tract infection as a result of anatomical abnormalities, immunological deficiencies, and living in institutions. The incidence of postoperative atelectasis is increased, as is the duration of postcardiac surgery mechanical ventilation", The hypertrophied pharyngeal tonsils and adenoids and the large tongue contribute to chronic upper airway obstruction", Congenital subglottic stenosis has been found in patients with Down's syndrome", and this was probably the cause of the upper airway obstruction noted in Case 2 reported here. These anatomical abnormalities, combined with abnormal central nervous system control of breathing, contribute to the observed sleep apnoea in patients with Down's syndrome 10. There may be diminished numbers of alveoli and a decreased alveolar surface area II. Children with Down's syndrome have been shown to have thymic deficiency with lymphocyte depletion and T and B cell abnormality I 2. Gastrooesophageal reflux with aspiration is found in these patients 13. The combination of upper airway obstruction and hypoxaemia from all of the above causes may contribute to the high incidence of pulmonary hypertension, in conjunction with congenital heart disease" or in the absence ofknown cardiac disease!", Atropine was infrequently used in order to avoid viscous airway secretions. Marked tachycardia has been reported following administration of atropine, suggesting hyperreactivity in patients with Down's syndrome IS.
One would expect a difficult intubation given the anatomical abnormalities of the upper airway. However, laxity at the temporomandibular joint and cervical spine usually allows adequate laryngoscopy. Extreme caution must be exercised during manipulation for laryngoscopy and intubation in order to avoid atlanto-occipital dislocation. Given the tendency to upper airway narrowing and the low body weight and height in relation to age, standard formulae for calculating the size of the endotracheal tube which depend on age are not applicable. Mean internal diameter of the endotracheal tubes used was 1.7 mm smaller than that predicted for age. This finding has been reported previously!". Because of the repeated movement of the head during surgery, and the need for a fixation which would not cover the operative area, the endotracheal tube was sutured in place. To prevent aspiration of blood a pharyngeal pack was placed in young children, and a cuffed, non-kinking tube was used in older children and adults.
Hypothyroidism is associated with Down's syndrome!", and we have noted 4 patients in our series with known hypothyroidism under treatment. Musculoskeletal abnormalities include hypotonia and congenital atlanto-occipital subluxatiorr'P'!". We avoided using non-depolarizing muscle relaxants because the hypotonia, hypothyroidism and hypocalcaemia seen in some of our patients could all contribute to abnormal responses.
Patients with Down's syndrome generally have an even disposition, are friendly and disciplined. In contrast, when the patients in this study awoke in the recovery room they were agitated, often crying, and could not be consoled. They attempted to remove dressings and intravenous catheters. Sedatives and narcotics were required in doses which we considered large in order to alleviate this restlessness. When haloperidol was administered prior to the end of the procedure, subsequent administration of sedatives was more effective.
Patients with Down's syndrome and their families are often very appreciative of the time and expertise invested on their behalf in undertaking this type of surgery. In spite of the difficulties presented, we found it most satisfying to make some contribution towards helping these patients to develop new social and educational opportunities.
